A rapid and selective iron-mediated reductive Claisen rearrangement of various prop-2'-enyloxyanthraquinones and 2'-chloroprop-2'-enyloxyanthraquinones to 1-hydroxy-2-(prop-2'-enyl)anthraquinones and anthrafurandiones is presented. All reactions are carried out in a mixture of ionic liquids, [Bzmim]Cl (1-benzyl-3-methylimidazolium chloride) and [Hmim]BF 4 (1-methylimidazolium tetrafluoroborate), in short reaction times (5-35 min). Our study showed that 1-(prop-2'-enyloxy)anthraquinone is more active than 1-(2'-chloroprop-2'-enyloxy)anthraquinone to perform this rearrangement.
Introduction
Synthesis of anthraquinone (AQ) derivatives constitutes a very important field in organic chemistry due to their various desired properties such as antimicrobial and antiviral, 1 anticancer, 2−4 antiinflammatory, 5 antimalarial, 6 antifungal, 7 laxative, 8 antioxidant, 9 and antiarthritic, 10 and also their important industrial applications (e.g., textile dyestuffs, 11 pulping additives, 12 and colorimetric sensor systems 13, 14 ) . In this regard, the reductive Claisen rearrangement of prop-2'-enyloxyanthraquinones has become a standard strategy for the functionalization of anthraquinones and synthesis of their desired derivatives. 15−19 This rearrangement has been performed using different reagents such as sodium dithionate 15 and glucose. 19 However, some described methods suffer from several disadvantages such as the formation of anthracenone derivatives as byproducts, loss of the methoxy group attached to the anthraquinone core, isomerization or even reduction of the allyl side chain double bond in rearranged products, and long reaction times. 15 We previously performed this rearrangement on the allyloxyanthraquinones with silver/potassium iodide as a reagent in acetic acid. 20 Also, very recently we carried out this rearrangement on the propargyloxyanthraquinones affording anthrafurandiones. 21 Now with these descriptions and also with respect to our interest in applying ionic liquids in organic synthesis as environmentally friendly solvents, 22, 23 we report an efficient and selective method for the reductive Claisen rearrangement of prop-2'-enyloxyanthraquinones and 2'-chloroprop-2'-enyloxyanthraquinones to 1-hydroxy-2-(prop-2'-enyl)anthraquinones and anthrafurandiones respectively using iron powder. All reactions are performed in a mixture of two ionic liquids containing 1- 
Results and discussion
We performed reductive Claisen rearrangement of 1-(prop-2'-enyloxy)anthraquinone (1) (2) in less than 10% yields after 70 min. In addition, the yield of this reaction decreased to 50% at 90 • C. Also, when potassium chloride was used instead of [Bzmim] Cl in this rearrangement, the desired product (2) was formed in only 25% yield after 9 min. Therefore, we performed the reductive Claisen rearrangement of various prop-2'-enyloxyanthraquinones to their corresponding rearranged products using the above mentioned conditions. The results are shown in Table 1 . These prop-2'-enyloxyanthraquinones were synthesized from the reaction of the related hydroxyanthraquinones with allyl bromide in the presence of anhydrous potassium carbonate in refluxing acetone as solvent.
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As shown in Table 1 , the reductive Claisen rearrangement of the prop-2'-enyloxyanthraquinones was readily carried out in good to excellent yields (52%-98%) in short reaction times (5-35 min), affording the rearranged products 1-hydroxy-2-(prop-2'-enyl)anthraquinones. Most notably, no side chain double bond isomerization or reduction in the rearranged products, anthracenone formation, or loss of the methoxy group attached to the anthraquinone core was observed in this rearrangement. Moreover, it was possible to perform selectively mono or double Claisen rearrangements of bis(prop-2'-enyloxy)anthraquinone systems with controlling of the molar ratio of the reductant or reaction time (in Table 1 , compare entries 3 with 4, 7 with 8, and 10 with 11).
With slight modification of the present procedure, we accomplished the reductive Claisen rearrangement of 2'-chloroprop-2'-enyloxyanthraquinones in short reaction times (7-25 min). All reactions produced anthrafurandiones as major products in moderate to good yields (Table 2) In some reactions, we observed the formation of 1-hydroxyanthraquinone derivatives stemming from deprotection of starting anthraquinones. For example, in treatment of 1-(2'-chloroprop-2'-enyloxy)anthraquinone • C again. In these attempts, 20 remained completely intact after 2 h. Moreover, we did not observe the formation of an anthracenone derivative or loss of the methoxy group attached to the anthraquinone core (entry 6) in the reactions given in Table 2 . Starting 2'-chloroprop-2'-enyloxyanthraquinones were easily synthesized by the reaction of the corresponding hydroxyanthraquinones with 2, 3-dichloroprop-1-ene in the presence of anhydrous potassium carbonate in DMF as solvent at 70
• C with reaction times up to 40 h.
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Then we decided to study the activity difference between prop-2'-enyloxy and 2'-chloroprop-2'-enyloxy groups in reductive Claisen rearrangement. For this purpose, reductive Claisen rearrangement of 1 was studied in the presence of 20 (1:1) at 110
• C via the present method. The result and conversion yield of this selective reaction is shown in Figure 3 . As shown in this figure, reductive Claisen rearrangement of 1 is carried out in the presence of 20 in good selectivity, indicating that the prop-2'-enyloxy group is more active than the 2'-chloroprop-2'-enyloxy group in this rearrangement.
The proposed mechanism of these reactions is shown in Figure 4 . First the anthraquinone core is reduced using iron powder in the presence of In conclusion, the present investigation has demonstrated that prop-2'-enyloxyanthraquinones and also 2'-chloroprop-2'-enyloxyanthraquinones can be easily rearranged to their corresponding 1-hydroxy-2-(prop-2'-enyl)anthraquinones and anthrafurandiones respectively by the reductive Claisen rearrangement using iron powder. With respect to the important uses of ionic liquids in organic synthesis as environmentally friendly solvents, this rearrangement is carried out in [Bzmim]Cl under an acidic condition created by [Hmim]BF 4 in moderate to excellent yields and in short reaction times. Most notably, in contrast to some previous works, 15 no anthracenone formation or loss of methoxy group attached to the anthraquinone core was observed in these rearrangements. Also, it is possible to execute mono or double Claisen rearrangement selectively in bis(prop-2'-enyloxy)anthraquinone systems while controlling the molar ratio of the reductant or reaction time. In addition, it was found that the prop-2'-enyloxy group is more active than the 2'-chloroprop-2'-enyloxy group in this rearrangement via the present method. The organic layer was washed with water (50 mL), saturated NaHCO 3 (50 mL), and brine (50 mL 
Experimental

Solvents
1-(2'-Chloroprop-2'-enyloxy)-8-hydroxyanthraquinone (28)
Yellow-orange powder; mp = 133-135 
